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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor 
light emitting diode which has a sufficient light emitting area and 
is excellent in quantum efficiency and linearity though the diode 
uses a substrate in which low-dislocation density areas and 
high-dislocation density areas alternately exist like the ELOG- 
grown substrate. 

SOLUTION: The LED chip of this nitride semiconductor light 
emitting diode is formed in such a large area that contains a 
plurality of low-dislocation density areas 34 and high-dislocation 
density areas 32 by using a nitride semiconductor substrate 1 6 
in which the areas 34 and 32 alternately exist in short cycles 
and currents are concentrated to the areas 34 by means of i 
current barrier layers 24 provided under a p-electrode 26. The 
barrier layers 24 can be formed by using AIGaN, etc., which 
forms a Schottky junction with the p-electrode 26. 
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1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the nitride semi-conductor light emitting diode which has on a substrate n mold nitride 
semi-conductor layer, p mold nitride semi-conductor layer, and the metal electrode of said p mold 
nitride semi-conductor layer mostly formed in the whole surface Said substrate has the nitride semi- 
conductor front face where a low dislocation density field and a high dislocation density field exist in the 
direction of a flat surface by turns. Nitride semi-conductor light emitting diode characterized by having 
said p mold nitride semi-conductor layer and the current barrier layer inserted between said metal 
electrodes in some [ at least ] upper parts of said high dislocation density field. 

[Claim 2] Nitride semi-conductor light emitting diode according to claim 1 characterized by said current 
barrier layer consisting of the nitride semi-conductor which carries out the Schottky barrier to said 
metal electrode. 

[Claim 3] Nitride semi-conductor light emitting diode according to claim 1 or 2 characterized by forming 
the pn junction from which said current barrier layer consists of n mold nitride semi-conductor, and 
serves as reverse bias between said p mold nitride semi-conductor layers. 

[Claim 4] Nitride semi-conductor light emitting diode according to claim 2 or 3 with which said current 
barrier layer is characterized by consisting of AlxGa1-xN (0< x<=1). 

[Claim 5] Nitride semi-conductor light emitting diode according to claim 2 or 3 with which said current 
barrier layer is characterized by consisting of AlxGa1-xN (0.5< x<=1). 

[Claim 6] Nitride semi-conductor light emitting diode according to claim 1 with which said current barrier 
layer is characterized by consisting of an insulating oxide. 

[Claim 7] Nitride semi-conductor light emitting diode according to claim 1 with which said substrate is 
characterized by having the mask layer formed in the nitride semi-conductor layer bottom to which a 
low dislocation density field and a high dislocation density field exist in the direction of a flat surface by 
turns at the shape of a periodic stripe, the shape of a grid, and an island-shape pattern. 
[Claim 8] Nitride semi-conductor light emitting diode according to claim 7 with which said mask layer is 
characterized by consisting of one sort chosen from a metal with a melting point of 1 200 degrees C or 
more, silicon oxide, silicon nitride, titanium oxide, the zirconium dioxide, and the group that consists of 
these multilayers. 

[Claim 9] Nitride semi-conductor light emitting diode according to claim 1 with which said substrate is 
characterized by having the nitride semi-conductor layer formed in the nitride semi-conductor layer 
bottom to which a low dislocation density field and a high dislocation density field exist in the direction 
of a flat surface by turns at the shape of a periodic stripe, the shape of a grid, and island shape. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light emitting diode which used the nitride semi- 
conductor (InXAIYGa1-X-YN, 0 <=X, 0<=Y. X+Y<=1). 
[0002] 

[Description of the Prior Art] a nitride semi-conductor — blue or pure green — high — it is put in 
practical use as an ingredient of a brightness light emitting diode (following, LED) in the various light 
sources, such as a full color LED display, a traffic light, and the image scanner light source. Moreover, 
blue LED using a nitride semi-conductor can be made into white LED by combining the fluorescent 
substance which emits yellow fluorescence. White LED is expected as the alternative light source of the 
existing white fluorescent lamp taking advantage of the property of LED, such as long lasting and a low 
power. As for current and these LED components, it is common to form component structure on 
different-species substrates, such as sapphire and silicon carbide, through the buffer layer which 
consists of GaN etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order not to carry out lattice matching of the 
different-species substrates, such as sapphire and silicon carbide, to a nitride semi-conductor, the 
crystal rearrangement generated in the interface with a substrate penetrated the component structure 
formed on it, and advanced, and the fixed crystal rearrangement remains in the luminous layer of LED. 
[0004] For this reason, the external quantum efficiency of blue LED using a nitride semi-conductor has 
stopped to 1 5 - 18%, and the luminous efficiency when constituting white LED using this has not yet 
attained to a fluorescent lamp. Moreover, the present nitride semi-conductor LED also has the problem 
that the linearity of the current-optical output property (I-L property) when passing a high current is 
bad, and cannot use it stably for a high current application because of the nonluminescent 
recombination in the crystal rearrangement which remains. 

[0005] ELOG which grows up a nitride semi-conductor into a longitudinal direction on a different- 
species substrate in order to form a crystalline good nitride semiconductor device on the other hand 
recent years more (Epitaxially Laterally OverGrown) The grown method is developed. Since the 
rearrangement which the nitride semi-conductor generated in the interface of a nitride semi-conductor 
and a different-species substrate in the field which grows up to be a longitudinal direction advances only 
in a longitudinal direction with growth of a nitride semi-conductor, it can grow up the nitride semi- 
conductor of low dislocation density. 

[0006] For example, the mask of Si02 grade can be partially formed on the nitride gallium grown up on 
different-species substrates, such as sapphire, and the gallium nitride substrate of low dislocation 
density can be manufactured by growing up gallium nitride on this. In order that gallium nitride may not 
grow directly on Si02, gallium nitride grows up to be a longitudinal direction by making into a growth 
origin the field by which a mask is not carried out. Therefore, the gallium nitride which grew on Si02 
serves as low dislocation density. 

[0007] However, in the nitride semi-conductor substrate by such ELOG grown method, it exists on the 
principle only in the shape of [ whose field of low dislocation density is 10-15 micrometers / periodic ] a 
stripe. On the other hand, the light emitting diode which performs field luminescence usually needs the 
barrier layer of the size of hundreds of micrometer angle, in order to secure a required luminescence 
area. For this reason, even if it used the ELOG growth substrate, it was difficult to manufacture the light 
emitting diode which a low dislocation density field and a high dislocation density field are intermingled, 



and has sufficient quantum efficiency and linearity in a barrier layer. 

[0008] Then, this invention aims at offering the nitride semi-conductor light emitting diode which has 
sufficient luminescence area and was excellent in quantum efficiency or linearity, using the substrate 
with which a low dislocation density field and a high dislocation density field exist by turns like an ELOG 
growth substrate. 
[0009] 

[Means for Solving the Problem] In the nitride semi-conductor light emitting diode with which this 
invention has on a substrate n mold nitride semi-conductor layer, p mold nitride semi-conductor layer, 
and the metal electrode of said p mold nitride semi-conductor layer mostly formed in the whole surface 
in order to attain the above-mentioned purpose Said substrate is characterized by having the nitride 
semi-conductor front face where a low dislocation density field and a high dislocation density field exist 
in the direction of a flat surface by turns, and having the current barrier layer inserted into some [ at 
least ] upper parts of said high dislocation density field between said p mold nitride semi-conductor 
layers and said metal electrodes. 

[0010] That is, LED of this invention raises quantum efficiency and linearity by securing luminescence 
area and centralizing a current on a low dislocation density field by the current barrier layer by forming a 
chip in a large area in which two or more both fields are included respectively using the nitride semi- 
conductor substrate with which a low dislocation density field and a high dislocation density field exist in 
a short period by turns. 

[001 1] Here, the number of rearrangements with which a high dislocation density field and a low 
dislocation density field exist in per unit area respectively points out many fields and few fields 
relatively. When general epitaxial growth is carried out, a rearrangement advances to a substrate at an 
abbreviation perpendicular according to the growth direction, and produces a penetration rearrangement. 
For this reason, the almost same dislocation density distribution as the front face of a substrate exists 
in n mold nitride semi-conductor layer and p mold nitride semi-conductor layer which carried out 
epitaxial growth on the substrate. The number of rearrangements can be evaluated as the number of the 
pits by observation by the transmission electron microscope, or wet etching. In addition, although 
especially the ratio of the dislocation density to the high dislocation density field of a low dislocation 
density field is not limited, it is 1/100 or less preferably 1/10 or less. At this time, as defect density of a 
low dislocation density field, it is two or less 1x1010-/cm, and is preferably set to two or less 1x108- 
/cm. As defect density of a high dislocation density field, it is two or more 1x1010-/cm, and when there 
are many defects, it is set to two or more 1x1013-/cm. 

[001 2] In LED of this invention, although the current which flows toward n mold nitride semi-conductor 
layer from p mold nitride semi-conductor layer begins to flow from the low dislocation density field in 
which a current barrier layer is not formed, since p mold nitride semi-conductor layer has high resistivity 
compared with n mold nitride semi-conductor layer, when passing through the inside of p mold nitride 
semi-conductor layer, generally a current seldom spreads. Therefore, in the luminous layer which exists 
between p mold nitride semi-conductor layer and n mold nitride semi-conductor layer, a current can be 
concentrated on a low dislocation density field. Thereby, the nonluminescent recombination in a 
luminous layer can be controlled and the linearity of the internal quantum efficiency of the nitride semi- 
conductor LED and an I-L property can be improved. 

[001 3] As for a current barrier layer, it is desirable to form using the nitride semi-conductor which 
carries out the Schottky barrier to a metal electrode, for example, AlxGa1-xN, (0< x<=1). Thereby, the 
Schottky barrier is formed between the metal electrode for p molds, and a current barrier layer, and the 
current which flows to a high dislocation density field can be intercepted. Bandgap energy (Eg) becomes 
large, so that aluminum content is high, and it becomes easy to carry out the Schottky barrier of the 
AlxGal-xN which constitutes a current barrier layer to the metal electrode for p molds. Therefore, from 
a viewpoint which forms the good Schottky barrier, it is so advantageous that aluminum content is high, 
and it is desirable to set up aluminum content (= x) more greatly than 0.5. 

[0014] Moreover, it is desirable to form the pn junction used as reverse bias between a current barrier 
layer and p mold nitride semi-conductor layer by using as n mold the conductivity type of the nitride 
semi-conductor which constitutes a current barrier layer. By the pn junction used as this reverse bias, 
the current which flows to" a high dislocation density field can be controlled further. For example, in case 
AlxGa1-xN is grown up as a current barrier layer on p mold nitride semi-conductor layer, the pn junction 
used as a reverse bias can be formed by adding n mold dopants, such as silicon. 

[0015] Moreover, instead of forming a current barrier layer with a nitride semi-conductor, the insulating 
oxide of Si02 or Ti02 grade may be used, and a current barrier layer may be formed. 



. [0016] Although the substrate used for this invention will not be limited especially if a low dislocation 
density field and a high dislocation density field are the substrates which exist in a front face by turns, 
the nitride semi-conductor substrate formed by the ELOG grown method can be used for it, for 
example. Various approaches can be considered in an ELOG grown method. For example, if the mask 
layer of the shape of a periodic stripe, the shape of a grid, and an island-shape pattern is formed when 
performing ELOG growth using a mask pattern, a low dislocation density field and a high dislocation 
density field will appear by turns in the direction of a flat surface in the nitride semi-conductor layer 
which grew on it. A mask layer can be formed by a metal with a melting point of 1 200 degrees C or 
more, silicon oxide, silicon nitride, titanium oxide, zirconium dioxides, or these multilayers. 
[001 7] Moreover, it may replace with a mask pattern and the nitride semi-conductor layer formed in the 
shape of a periodic stripe, the shape of a grid, and island shape may be formed. Also in this case, a low 
dislocation density field and a high dislocation density field appear by turns in the direction of a flat 
surface in the nitride semi-conductor layer which grew on it. 
[0018] 

[Embodiment of the Invention] It explains referring to a drawing about the gestalt of operation of this 
invention below. The member which attached the same sign in each drawing expresses the same or a 
corresponding member. Moreover, in the sectional view shown in drawing 1 -5, since a drawing is easy, 
hatching is omitted. 

[0019] Gestalt 1 drawing 1 of operation is the typical sectional view showing an example of the nitride 
semi-conductor LED concerning this invention. On the substrate 16, the laminating of n type layer 18, a 
barrier layer 20, and the p type layer 22 is carried out one by one. Each of these layers consists of 
nitride semi-conductor InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1), may be single presentations or may 
carry out the laminating of two or more presentations, p type layer 22 and the barrier layer 20 are 
etched so that a part of n type layer 18 may be exposed, and n mold electrode 30 which changes from 
W/aluminum etc. to the exposure is formed. On the other hand, it is formed so that p mold electrode 26 
of the translucency which changes from metal thin films, such as nickel/Au, to the whole surface mostly 
of p type layer 22 (= metal electrode) may carry out ohmic contact at p type layer 22. Moreover, p pad 
electrodes 28, such as Au for bondings, are formed on p mold electrode 26. 

[0020] On the different-species substrates 10, such as sapphire, the stripe-like Si02 mask 12 is used 
for a substrate 16, it carries out ELOG growth of the gallium nitride layer 14, and changes, and the high 
dislocation density field 32 and the low dislocation density field 34 exist in the front face by turns. In the 
ELOG growth substrate using a mask, the high dislocation density field 32 appears in the field Gunction 
field 32b) which gallium nitride 14 comrades join mutually the field between masks 12 (window region 
32a), and near the center of a mask 1 2 so that it may explain in full detail behind. As a drawing middle 
point line shows, the almost same dislocation density distribution as the front face of a substrate 1 6 
exists in n type layer 18, the barrier layer 20, and p type layer 22 which carried out epitaxial growth on 
the substrate 16. In addition, in drawing 1 , the field which attached hatching expresses the high 
dislocation density field in a substrate 1 6 and a barrier layer 20. 

[0021] It is the upper part of the high dislocation density field 32, and the current barrier layer 24 is 
formed between p mold nitride semi-conductor layer and p mold electrode 26, and the role which 
restricts a current path is played so that the flowing current may concentrate a barrier layer 20 on the 
low dislocation density field 34. In the gestalt of this operation, in order to secure luminescence area 
widely, the current barrier layer 24 is formed only above window region 32a among two kinds of high 
dislocation density fields 32 mentioned above, the nitride semi-conductor in which the current barrier 
layer 24 carries out the Schottky barrier to p mold electrode 26 — for example, — non — it consists of 
dope AlxGa1-xN (0< x<=1), and the path of a current of flowing the inside of LED is restricted by 
forming the Schottky barrier between the translucency p mold electrodes 26. 
[0022] Drawing 2 is the mimetic diagram showing the current path which flows the nitride semi- 
conductor light emitting diode-jn this invention. In addition, in drawing 2 , the configuration of a high 
dislocation density field and a low dislocation density field is simplified compared with drawing 1 . As 
shown in drawing, the current which flows toward n mold electrode 30 from p mold electrode 26 begins 
to flow from the low dislocation density field 34 in which the current barrier layer 24 is not formed, and 
results in n mold electrode 30 through p type layer 22, a barrier layer 20, and n type layer 1 8. Generally, 
since p mold nitride semi-conductor layer has several times as high resistivity as n mold nitride semi- 
conductor layer, when passing through the inside of p type layer 22, a current seldom spreads. In the 
case of a gallium nitride system compound semiconductor, this originates in the ratio of the resistivity of 
n mold and p mold being about 1:100 greatly. Therefore, as shown in drawin g 2 , also in a barrier layer 



22, the effectiveness of the current path limit by the current barrier layer 24 is maintained, and a 
current concentrates it on the low dislocation density field 34. Thereby, since the nonluminescent 
recombination in a barrier layer 22 is controlled, the internal quantum efficiency of the nitride semi- 
conductor LED improves, and the linearity of the I-L property in a high current region is maintained. 
[0023] A work function becomes large, so that aluminum content is high, and it becomes easy to carry 
out the Schottky barrier of the AlxGa1~xN which constitutes the current barrier layer 24 to metals 
which constitute a translucency p mold electrode, such as nickel or Au. Therefore, from a viewpoint 
which forms the good Schottky barrier, it is so advantageous that aluminum content is high, and it is 
desirable to set up aluminum content more greatly than 0.5. On the contrary, the maximum upper layer 
of p type layer 22 which touches the current barrier layer 24 is formed of GaN which needs to be easy 
to carry out ohmic junction with metals, such as nickel or Au, for example, does not contain aluminum. In 
addition, in order to prevent leakage of a current, as for the current barrier layer 24, it is advantageous 
that it is the most precise possible film, and it is desirable that it is the presentation to which it can 
grow epitaxially on p type layer 22. 

[0024] Moreover, the thickness of the current barrier layer 22 which consists of AlxGa1-xN needs to 
consider as sufficient thickness to control passage of tunnel current, and may be 100A or more 
preferably. Moreover, since a crack will occur if it forms not much thickly when forming the current 
barrier layer 22 which consists of AlxGa1-xN (0.5< x) on p type layer 22 which consists of GaN, it is 
desirable to form in 500A or less preferably 0.1 micrometers or less. 

[0025] moreover — as the current barrier layer 24 — non — it may replace with dope AlxGa1~xN and n 
mold AlxGa1-xN which added n mold dopants, such as silicon, may be formed. By using the current 
barrier layer 24 as n mold nitride semi-conductor, the pn junction used as reverse bias can be formed 
between the current barrier layer 24 and p type layer 22, and the current which passes through the high 
dislocation density field 32 can be controlled still more effectively. 

[0026] Moreover, as a current barrier layer 24, it may replace with a nitride semi-conductor and the 
insulating oxide of Si02 or Ti02 grade may be formed. 

[0027] Next, a substrate 1 6 is explained. Drawing 3 is the type section Fig. showing the manufacture 
approach of a substrate 16. After growing up a buffer layer (not shown) on silicon on sapphire 10, the 
undoping GaN layer 1 1 is grown up. A substrate 10 can use the substrate which consists of a different 
ingredient from the nitride semi-conductor known in order to grow up nitride semi-conductors, such as 
SiC and ZnO besides sapphire, a spinel, and GaAs. 

[0028] Next, as shown in drawing 3 (a) after growth of this undoping GaN layer 1 1 , a stripe-like photo 
mask is formed in the front face of this GaN layer 1 1 , and the mask 1 2 which consists of Si02 is formed. 
Although what kind of configurations, such as the shape of the shape of a stripe and a grid and island 
shape, are sufficient as a configuration of a mask 1 2, the direction which makes area of a mask 1 2 larger 
than the exposed part of the undoping GaN layer 11, i.e., the part in which the mask is not formed, 
(window part) is easy to grow up the GaN layer 14 with few crystal defects. As an ingredient of a mask 
1 2, the metal which has the melting point of 1 200 degrees C or more besides oxides, such as silicon 
oxide (SiOX), silicon nitride (SiXNY), titanium oxide (TiOX), and a zirconium dioxide (ZrOX), nitrides, and 
these multilayers, for example can be used. These mask ingredients also bear temperature with a growth 
temperature [ of a nitride semi-conductor ] of 600 degrees C - 1 100 degrees C, and it has the property 
for a nitride semi-conductor not to grow up to be the front face, or to be hard to grow up. 
[0029] As shown in drawing 3 (b) after forming a mask 12, undoping GaN14 is grown up. Although the 
desirable growth thickness of the GaN layer 14 to grow up changes also with the thickness of the mask 
1 2 formed previously, and magnitude, it is grown up into sufficient thickness so that it may grow up to 
be also a longitudinal direction (direction perpendicular to the thickness direction) in the upper part of a 
mask 1 2 and the front face of a mask 1 2 may be covered. Thus, on the front face of the mask 1 2 which 
has the property in which a nitride semi-conductor cannot grow easily, if it ( manufactures by the 
technique of growing up the GaN layer 14 into a longitudinal direction, on a mask 12, the GaN layer 14 
will not grow at first, but selective growth of the GaN layer 14 will be carried out on the undoping GaN 
layer 1 1 of a window part. 

[0030] Then, if growth of the GaN layer 14 is continued as shown in drawing 3 (c), the GaN layer 14 will 
grow up to be a longitudinal direction, and it is connected in GaN layer 14 comrades which grew from 
the aperture which covered, and hung, went and adjoined on the mask 12, and will be in a condition as if 
the GaN layer grew on the mask 12. That is, the GaN layer 14 is grown up in a longitudinal direction 
through a mask 12 on a GaN layer. 

[0031] Here, to the nitride semi-conductor which grows on a different-species substrate, very many 



crystal defects occur by the mismatch of the lattice constant of a different-species substrate and a 
nitride semi-conductor, and this crystal defect advances under the nitride semi-conductor growth 
formed in the upper layer one by one to a lengthwise direction, and is transmitted to a front face. Since 
the GaN layer 14 grown up from the aperture which is not what grew directly and adjoins on a different- 
species substrate is connected during growth by growing up in a longitudinal direction on a mask 1 2, the 
number of the GaN layer 14 which grew in the longitudinal direction on the mask 12 on the other hand of 
crystal defects decreases very much compared with what grew directly from a different-species 
substrate. Therefore, the GaN layer 14 grown up in this way serves as a crystal with few 
rearrangements from a different-species substrate except for junction field 32b which the GaN layer 14 
which grew up to be window region 32a and the longitudinal direction which grew directly joined mutually. 
Although there is a rearrangement of the undoping GaN layer 1 1 two or more 1010-/cm, the 
rearrangement in the low dislocation density field 34 of the GaN layer 14 by this approach can decrease 
two or less 108-/cm. 

[0032] In addition, when the gallium nitride layer 1 4 is formed in enough thick films, different-species 
substrate 10 grades other than gallium nitride layer 14 may be excised, and a gallium nitride simple 
substance may constitute a substrate 1 6. 

[0033] Moreover, in this invention, a substrate 16 is not restricted to what was manufactured by the 
approach shown in drawing 3 that a low dislocation density field and a high dislocation density field 
should just be the substrates which appear by turns in a field. For example, the gallium nitride substrate 
of low dislocation density can be manufactured also by etching the gallium nitride system compound 
semiconductor layer which grew on different-species substrates, such as sapphire, in the shape of a 
stripe (or the shape of a grid, island shape), exposing silicon on sapphire partially, and growing up gallium 
nitride on this instead of forming Si02 mask. Since gallium nitride cannot grow epitaxially easily directly 
on silicon on sapphire, gallium nitride grows up to be a longitudinal direction by making a stripe-like 
gallium nitride layer into a growth origin. Therefore, the gallium nitride which grew on the exposed part of 
silicon on sapphire serves as low dislocation density. 

[0034] Moreover, after growing up a gallium nitride system compound semiconductor layer on different- 
species substrates, such as sapphire, irregularity may be formed in the depth which does not expose a 
different-species substrate, and a substrate 1 6 may be manufactured by growing up gallium nitride on it. 
Periodic irregularity may be formed in the different-species substrate itself, such as sapphire, further 
again, gallium nitride may be grown up on it, and a substrate 1 6 may be manufactured. 
[0035] In the gestalt of this operation, although LED of terrorism structure was explained to the double 
which carried out the laminating of n type layer 1 8, a barrier layer 20, and the p type layer 22, this 
invention is not restricted to this. For example, you may be LED of the pn junction structure which 
carried out the laminating of n mold nitride semi-conductor layer and the p mold nitride semi-conductor 
layer. 

[0036] Gestalt 2 drawing 4 of operation is the sectional view showing the nitride semi-conductor LED 
concerning the gestalt 2 of operation of this invention. The nitride semi-conductor LED shown in 
drawing 4 is the same as the nitride semi-conductor [ in / except for the formation location of the 
current barrier layer 24 / the gestalt 1 of operation ] LED. 

[0037] In the gestalt 1 of operation, the current barrier layer 24 was formed only above window region 
32a among window region 32a which is two kinds of high dislocation density fields, and junction field 32b. 
In the gestalt of this operation, the current barrier layer 24 is further formed also above junction field 
32b. Thereby, although luminescence area decreases a little, generating of the nonluminescent 
recombination in a barrier layer 20 can be controlled more effectively, and the linearity of internal 
quantum efficiency and an I~L property can be improved further. 

[0038] Gestalt 3 drawing 5 of operation is the sectional view showing the nitride semi-conductor LED 
concerning the gestalt 3 of operation of this invention. The nitride semi-conductor LED shown in 
drawing 5 is the same as that of the^gestalt 1 of operation, or 2 except for the configuration of a 
substrate 16, and the formation location of the current barrier layer 24. 

[0039] In the gestalt of this operation, a nitride semi-conductor layer with more small dislocation density 
is grown up by performing ELOG growth twice during manufacture of a substrate 16. First, by the 
approach same with having explained using drawing 3 , 1st ELOG growth is performed using 1st mask 
12a, and 1st gallium nitride layer 14a is grown up. Then, 2nd mask 12b of the same configuration as 1st 
mask 12a is formed above the window region formed of the 1st ELOG growth, and 2nd ELOG growth is 
performed. Although two kinds of high dislocation density fields, window region and a junction field, exist 
in 2nd gallium nitride layer 14b formed of the 2nd ELOG growth like the gestalt 1 of operation, or 2, the 



dislopation density of a low dislocation density field is reduced compared with the gestalt 1 of operation 
or 2. 

[0040] In this way, the component structure of light emitting diode is formed on the obtained substrate 
16, and the current barrier layer 24 is formed like the gestalt 2 of operation corresponding to all high 
dislocation density fields. By this configuration, generating of the nonluminescent recombination in a 
barrier layer 20 can be controlled much more effectively, and the linearity of internal quantum efficiency 
and an I-L property can be improved further again. 
[0041] 

[Example] Although the example which is the gestalt of 1 operation of this invention is shown below, this 
invention is not limited to this. An example is explained based on drawin g 1 and drawing 3 . 
[0042] On the silicon on sapphire 10 which makes a principal plane example (manufacture of substrate 
16) 2inchphi, and C (0001) side, at 500 degrees C, after growing up the buffer layer (not shown) which 
consists of GaN by 200A thickness, temperature is made into 1050 degrees C and the undoping GaN 
layer 1 1 is grown up by 5-micrometer thickness. In addition, as for this thickness to grow up, it is 
desirable for it not to be limited to 5 micrometers, to make it grow up by thickness thicker than a buffer 
layer, and to adjust to thickness 10 micrometers or less. Next, a wafer is picked out from a reaction 
container after growth of this undoping GaN layer 1 1 , a stripe-like photo mask is formed in the front 
face of this GaN layer, and the mask 12 which consists of Si02 with a stripe width of face [ of 15 
micrometers ] and a stripe spacing (window part) of 5 micrometers with a CVD system is formed by 0.1- 
micrometer thickness. A wafer is again set in a reaction container after forming a mask 1 2, and undoping 
GaN14 is grown up into 1 0-micrometer thickness at 1050 degrees C. Although the crystal defects of the 
undoping GaN layer 1 1 were two or more 1010-/cm, the crystal defect of the GaN layer 14 was two or 
less 106-/cm. 

[0043] (n type layer 18) Next, n type layer 18 which consists of n mold contact layer, the 1st multilayers 
layer of the n side, and the 2nd multilayers layer of the n side is formed. First, at 1050 degrees C, TMG 
and ammonia gas are used for material gas, similarly, silane gas is used for impurity gas, and the n side 
contact layer which consists of GaN which doped Si 4.5x101 8-/cm3 is grown up by 2.25-micrometer 
thickness. Next, the GaN layer which the undoping GaN layer was grown up by 75A thickness, added 
silane gas at this temperature continuously by the stop and 1050 degrees C using TMG and ammonia 
gas only in silane gas, and doped Si 4.5x1 01 8-/cm3 is grown up by 25A thickness. Thus, the pair which 
consists of an A horizon which consists of a 75A undoping GaN layer, and a 25A B horizon which has an 
Si dope GaN layer is grown up. And the 25-layer laminating of the pair is carried out, it considers as 
2500A thickness, and the 1 st multilayers layer of the n side which consists of multilayers of a 
superstructure is grown up. 

[0044] Next, 40A of 2nd nitride semi-conductor layer which consists of undoping GaN is grown up at the 
same temperature, then temperature is made into 800 degrees C, and 20A of 1st nitride semi-conductor 
layer which consists of undoping InO.13GaO.87N is grown up using TMG, TMI, and ammonia, and these 
actuation — repeating — the — the laminating of every ten layers is carried out by turns in the 1 st 
order of 2+, and the 2nd multilayers layer of the n side which consists of multilayers of ************ 
the 2nd nitride semi-conductor layer which becomes the last from GaN in 40A **** is grown up by 
640A thickness. 

[0045] (Barrier layer 20) Next, the barrier layer which consists of undoping GaN is grown up by 250A 
thickness, temperature is continuously made into 800 degrees C. and the well layer which consists of 
undoping InO.3GaO.7N using TMG, TMI, and ammonia is grown up by 30A thickness. And obstruction + 
well + obstruction + well .... In the order of + obstruction, a barrier layer is made into seven layers, the 
laminating of the well layer is made six layers and by turns, and the barrier layer 20 which consists of 
multiplex quantum well structure of the 1 930A of the total thickness is grown up. 

[0046] (p type layer 22) Next, p type layer 22 which consists of the p side multilayers cladding layer and 
the p side contact layer is formed. First/^pMG, TMA, ammonia, and Cp2Mg (magnesium cyclopentadienyl) 
are used at the temperature of 1050- degrees C. Grow up the 3rd nitride semi-conductor layer which 
consists of p mold aluminum0.2Ga0.8N which doped Mg 1x1020-/cm3 by 40A thickness, and 
temperature is continuously made into 800 degrees C. The 4th nitride semi-conductor layer which 
consists of InO.03GaO.97N which doped Mg 1x1020-/cm3 using TMG, TMI, ammonia, and Cp2Mg is 
grown up by 25A thickness, and these actuation — repeating — the — the p side multilayers cladding 
layer which consists of multilayers of a superstructure into which the laminating of every five layers was 
carried out by turns in the 4th order of 3+, and the 3rd nitride semi-conductor layer was finally grown up 
by 40A thickness is grown up by 365A thickness. Then, the p side contact layer which consists of a p 



mold .GaN which doped Mg 1x1020-/cm3 at 1050 degrees C using TMG, ammonia, and Cp2Mg is grown 
up by 700A thickness. 

[0047] Temperature is lowered to a room temperature after reaction termination, annealing is further 
performed for a wafer at 700 degrees C in a reaction container among nitrogen-gas-atmosphere mind, 
and p type layer is further formed into low resistance. 

[0048] (Current barrier layer 24) Next, TMG, ammonia gas, and TMA are used for material gas at 1 050 
degrees C, and the current barrier layer 24 which consists of non-dope AlxGa1-xN is grown up by 200A 
thickness. It leaves the location which corresponds between the masks of Si02 mask 1 2, and etching 
removal of the AlxGa1-xN layer 24 is carried out at a stripe configuration. 

[0049] (p mold electrode 26, n mold electrode 30) Next, a wafer is picked out from a reaction container, 
the mask of a predetermined configuration is formed in a front face, RIE (reactive ion etching) 
equipment performs etching from p type layer 22 side, and as shown in drawing 1 , the front face of the 
n side contact layer in n type layer 18 is exposed. 

[0050] p type layer 22 and the current barrier layer 24 in the maximum upper layer are covered after 
etching, and p pad electrode 28 which consists of Au for bondings on the p electrode 26 and the p 
electrode 26 of the translucency which contains nickel and Au of 200A of thickness mostly on the whole 
surface of p type layer 22 is formed by 0.5-micrometer thickness. On the other hand, the n electrode 30 
containing W and aluminum was formed in the front face of the n side contact layer exposed by etching, 
and it considered as the LED component. 

[0051] If the point which does not form the point using the substrate explained below instead of and the 
current barrier layer 24 was removed, the LED component was produced by the same approach as an 
example. [ the substrate 16 which carried out example ELOG growth of a comparison ] 
[0052] (Substrate) The base which consists of sapphire (C side) is set in the reaction container of 
MOVPE, hydrogen raises the temperature of a substrate to 1050 degrees C with a sink, and a substrate 
is cleaned. Then, temperature is lowered to 510 degrees C, hydrogen is used for carrier gas, ammonia 
and TMG (trimethylgallium) are used for material gas, and the buffer layer which consists of GaN on a 
substrate 1 6 is grown up by about 1 50A thickness. Only TMG is stopped after buffer layer growth and 
temperature is raised to 1050 degrees C. If it becomes 1050 degrees C, similarly TMG and ammonia gas 
will be used for material gas, and an undoping GaN layer will be grown up by 1 .5-micrometer thickness. 
[0053] The LED component obtained in the example and the example of a comparison showed 470nm 
authentic blue luminescence in 20mA of forward current. Drawing 6 is a graph which shows the result of 
having measured the current-optical output property, about LED obtained in the example and the 
example of a comparison. As shown in drawing, in LED of the example of a comparison, linearity 
worsened [ the forward current value ] by about 25mA or more, and the optical output reached 
saturation in about 100mA. On the other hand, in LED of an example, the forward current value was 
maintaining good linearity also in 75mA, and the optical output reached saturation in about 125mA. 
Moreover, when external differential quantum efficiency in case a forward current value is 100mA was 
measured, by LED of an example, it was improving to 20 - 22% to having been about 1 5 - 1 8% in LED of 
the example of a comparison. 
[0054] 

[Effect of the Invention] According to this invention, the nitride semi-conductor light emitting diode 
which forms an LED chip in a large area in which two or more both fields are included respectively using 
the nitride semi-conductor substrate with which a low dislocation density field and a high dislocation 
density field exist in a short period by turns, has sufficient luminescence area since the current was 
centralized on the low dislocation density field by the current barrier layer prepared in p electrode 
bottom, and was excellent in quantum efficiency or linearity can be offered. 



[Translation done.] 



. * NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the type section Fig. showing the nitride semi-conductor LED concerning the 
gestalt 1 of operation of this invention. 

[Drawing 2] Drawing 2 is the mimetic diagram showing the current path in the nitride semi-conductor 
LED concerning this invention. 

[Drawing 3] (c) is outline process drawing showing the manufacture approach of the nitride semi- 
conductor substrate used for the nitride semi-conductor LED concerning this invention from drawing 3 
(a). 

[Drawing 4] Drawing 4 is the type section Fig. showing the nitride semi-conductor LED concerning the 
gestalt 2 of operation of this invention. , 

[Drawing 5] Drawing 5 is the type section Fig. showing the nitride semi-conductor LED concerning the 
gestalt 3 of operation of this invention. 

[Drawing 6] Drawing 6 is a graph which shows the current-optical output property of the nitride semi- 
conductor LED of an example and the example of a comparison. 
[Description of Notations] 
10 ... Silicon on sapphire 
12 ... Si02 mask, 
14 ... Gallium nitride layer, 
1 6 ... Substrate, 
18 ... n type layer, 
20 ... Barrier layer, 
22 ... p type layer, 
24 ... Current barrier layer, 
26 ... p mold electrode (= metal electrode), 
28 ... p pad. 
30 ... n electrode, 

32 ... Quantity dislocation density field, 
34 ... Low dislocation density field. 
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